Three types of popular vendors, including meat and non-meat food (e.g, fishballs), vendor group (I), rice sausage sandwiches vendor group (II), and roasted corn on-the-cob vendor group (III), from the night markets of Taiwan were chosen for this research. The average concentrations of carcinogenic polycyclic aromatic hydrocarbons (car-PAHs) were 2445 ng/m 3 for vendor (II), 2276 ng/m 3 for vendor (II), and 133 ng/m 3 for vendor (III). Vendors groups (I) and (II) had exposure levels of Benzo(a)pyrene (BaP)-equivalent doses (BaP eq ) approximately 16 and 13 times higher than those for vendor group (III). The daily exposure doses of BaP eq in working duration for vendor group (II) and (II) were 2.80 and 2.28 mg/day, respectively. The employees of five offices on campus were chosen as a control group. The daily exposure doses of BaP eq during working hours for vendor group (II) and (II) were about 22 times and 18 times, respectively, higher than those for control group. This exposure dose for vendors group (III) (0.18 mg/day) was comparable with the dose for control group (0.13 mg/day). The whole-day exposure doses of t-PAHs, car-PAHs, BaP, and BaP eq for vendor groups (I) and (II) were very close to those during daily working hours. However, the daily exposure doses of BaP eq during working hours for vendor group (III) occurred only in a proportion of 62% of the whole-day exposure doses.
Introduction
Polycyclic aromatic hydrocarbons (PAHs) are semivolatile organic compounds generated by the incomplete combustion of organic materials. Many of these PAHs are known to be carcinogenic and mutagenic. Previous studies have revealed that high exposure to these genotoxic compounds is associated with several types of cancers, such as lung cancer and pancreatic cancer (Chuang et al., 1992; Anderson et al., 2002) . Mumford et al. (1987) found that the high lung cancer mortality rates in Xuan Wei, China were related to the residents' lifetime exposure to heavy smoke from the domestic use of charcoal. Chuang et al. (1992) further showed that the concentration levels of PAHs in smoky charcoal samples were about one to two orders of magnitude higher than those of the smokeless charcoal samples, and the PAH fractions have high mutagenic activity. Since then, using charcoal as fuel to cook food has caused a lot of concern.
PAHs can be formed during the curing and processing of raw food prior to cooking. Additional PAHs may be generated during the cooking process. Previous literature has indicated that charbroiled meat, smoked fish, and fried foods have very high contents of PAHs (Fretheim, 1976; Promvanit and Kangsadalampai, 1985) . Rogge et al. (1991) further showed that 10 PAHs could be obtained in smoke emitted from the charbroiling of meat using a natural gas flame. Since charcoal burning may produce a large quantity of PAHs, using charcoal as a fuel source to broil food should make a significant contribution to PAH concentrations of city air. The emission of PAHs in Sweden originating from charcoal grilling, for the period of June-August, was estimated to be approximately 2 kg (Dyremark et al., 1995) . However, due to the inconvenience involved with sampling and the limitation of analysis, the personal exposures to charcoal broiling are less reported. In Taiwan, many people like to use charcoal to grill food. Furthermore, during the process, the person tending to the cooking is in very close proximity to the fumes emitted. It is of importance to estimate PAH exposure levels during charcoal grilling. Our recent study using personal air samplers to collect PAHs samples shows that the exposure doses to people at a cookout party was about 22.5 times higher than that of a control group of students on campus without any specific PAH sources (Kuo et al., 2003) .
There are many occupational vendors in Taichung City, Taiwan, who use charcoal to grill foods and sell them in night markets. Usually, there is poor or no ventilation of the grilling exhaust. There may also be no personal respiration protection units found at the night market vending sites. The vendors in that environment are easily exposed to very high amounts of PAHs. However, no regulations were made to protect their health or to protect the environment. The purpose of this study is to measure the exposure concentrations of total PAHs and carcinogenic PAHs for three types of popular vendors. Daily exposure doses of total PAHs, carcinogenic PAHs (car-PAHs), Benzo(a)pyrene (BaP) and BaP-equivalent doses (BaP eq ) for the vendor groups are estimated, and occupational cancer risk for the three groups is evaluated in this study. In addition, the exposure concentrations and daily exposure doses for campus employees of a local university are also investigated for comparison.
Materials and methods

Sampling Strategy
Three groups of vendors from the night markets of Taiwan were chosen for this research. Groups (I) and (II) had three vendors each, and group (III) had two vendors. Each group broiled an assortment of food products. Group (I), charcoal broiled meats, sausages, steaks and non-meat food, like fishballs. Group (II), charcoal broiled glutinous rice sausage sandwiches (a local version of hot dog in a glutinous rice wrapping). Group (III) used electric roasters to grill corn on the cob. The first step of this study was to measure the PAH exposure doses for these three groups. In addition, employees who served in the office of Chung Shan Medical University were chosen as control groups in this study. This sampling program included four sampling periods, and was executed from November 2002 to January 2003 (Table 1) . The weather conditions and concentrations of PM 10 (atmospheric aerosols with diameters o10 mm) during the four sampling periods obtained from the two nearest air monitoring stations are summarized in Table 1 .
Sample Collection
The particular PAHs in PM 10 aerosols for three vendor groups and control groups were collected by using personal air collection samplers (SKC Model, 224-PCXR8) connected to Personal Environmental Monitors (10 mm PEM, SKC Model 200). The personal samplers operated at a flow rate of 2 l/min with quartz filters (SKC high-purity quartz filter, 37 mm, binder-free). To keep the particles from bouncing off the impaction plate, silicon oil was sprayed on the surface before sampling began. The quartz filters were pretreated in a furnace at 9001C for 4 h to remove carbonaceous contaminants. Collection filters were conditioned at a constant temperature (23731C) and at a constant humidity (4575%). The details for collecting samples from the four exposure sites are discussed separately in the following.
Occupational Exposure
The personal collection samplers collected samples from 1700 to 2400 hours, which was the time when the vendors worked in the night markets. For each sampling, two personal samplers were used simultaneously on each vendor. One PEM was attached to the collar of each worker, and the other PEM was hung near the breathing zone of the vendors. After sample collection was completed, the two samples were combined and analyzed as one composite sample. Each vendor had two separate samples taken on two separate days.
Office Exposure
Five non-smoking offices on the first to third floors of Chung Shan Medical University were chosen as sampling sites. Three persons in each office, each carrying a personal sampler, made up a group. The sampling periods for each office were about 9 h, from 0800 to 1700 h. During sampling periods, the experimental groups spent most of their time in their offices. They were asked to eat lunch in the campus restaurant and take an approximate 20-min walk on campus. The samples collected from each of the three persons within a group were pooled and analyzed as a single sample.
Home Indoor Exposure (with no Specific PAH Sources)
Five sixth-eighth-floor apartments (in which there were no tobacco smokers, no incense burned nor any food cooked) were chosen to study home indoor exposure without specific PAH sources. In each apartment, there were five residents who carried one personal collection sampler each. These personal collection samplers operated from 1700 to 2300 h. Five samples were collected from each of the apartments for five consecutive days. After collecting the samples, they were pooled and analyzed as one composite sample. Thus, there were a total of five composite samples (one from each apartment) from this background environment. 
Extraction and Analysis
Samples from the quartz filters were extracted by 40 ml highpurity dichloromethane for 25 min in an ultrasonic bath. The extract was then purified using a silica gel clean-up technique. The samples, which remained in the silica gel columns, were eluted with 60 ml of n-hexane. The eluent was filtered through a 5-mm PTFE membrane and was dried using a rotating evaporator. Twenty-two PAHs were quantified by gas chromatography with a flame ionization detector (GC-FID) using a Perkins Elmer Auto-system Gas Chromatograph (Model N611-9000) with an Ultra No.2 fused silica capillary column (crosslinked 5% phenyl and 95% methylpoly siloxane, 50 m Â 0.32 mm; 0.17 mm film thickness, Hewlett Packard). Compounds monitored in this work were naphthalene (NAP), acenaphthylene (ACPY), acenaphthene
, and coronene(COR). A standard solution consisting of known amounts of 22 PAHs dissolved in dichloromethane was prepared and spiked with a known volume of phenanthrene-dio and 4,4-dibromobiphenyl as the internal standard. An internal standard was also added to the filter samples of each analytical batch. The recovery for phenanthrene-dio and 4,4-dibromobiphenyl was 99-121% and 89-116%, respectively. Known volumes of PAHs standard were spiked into filters to determine the efficiency of the extraction and analysis. This extraction efficiency gave agreements between 80% and 120%, except for lower molecular weight species of NAP, ACPY, and ACP.
Results and discussion
Weather conditions and concentrations of PM 10 during the four sampling periods are shown in Table 1 . All the sampling days were clear days. The concentrations of PM 10 among four sampling periods showed no significant difference. Some parameters including fuel used to grill foods, quantity sold by each vendor, ventilation conditions and types of food are shown in Table 2 . Vendor groups (I) and (II) used charcoal as fuel to grill foods, while vendor group (III) used electric power to grill corn. Since types of food were quite different among the three vendor groups, volume sold can be compared only within groups. Except for vendors (I-1) and (I-2) having ventilation hoods, the other vendors did not have any ventilation equipment. The major food in vendor group (I) was meat, while the secondary products offered by each of the group's three vendors varied between groups. The foods grilled in vendor group (I-2) included many kinds of meat. In addition to meat, vendor (I-1) grilled fishballs, and vendor group (I-3) grilled many kinds of non-meat food. The details of food grilled by the three vendors for group (I) are shown in Table 2 . Contrarily, the foods grilled by the three vendors of group (II) and two vendors of group (III) were almost similar within groups and were limited to only a small selection.
The exposure concentrations of PM 10 and PAHs for three types of vendors are shown in Table 3 . The concentrations of PM 10 and PAHs from three different groups of vendors (I) showed significant variations. Different ventilation, type of food, and quantity sold by each of the three vendors probably lead to such variations. No ventilation was found at the site of vendor (I-3), which resulted in a high PM 10 (17.2 mg/m 3 ). Previous literature indicates that the emission amounts of PAHs varied significantly with the use of different fuels, varying temperatures, and different foods prepared (Phillips, 1999; Mastral et al., 2000; Venkataraman Kuo et al. et al., 2002) . All three vendors in group (I) used charcoal as fuel and all their stoves were similar in shape and design. Thus, with such similarities, it was assumed that the temperatures used in charcoal cooking were also similar for each vendor of group (I). Given all these similarities, the factors that likely affected the level of PAH emissions to which members of vendor group (I) were exposed were the kinds of food prepared and volume sold. All three vendors in group (I) broiled a variety of meats, and in addition to broiled meats, vender (I-3) also broiled various types of nonmeat food, such as fishballs, clams, octopi and vegetables. These foods have a very low content of fat, which most likely resulted in a lower value of PAHs (2.75 mg/m 3 ) and a very low ratio of t-PAHs/PM 10 (0.16). The volume sold for vendor group (I-2) was higher than that of vendors (I-1) and (I-3). In addition, only high fat food (e.g. pork, steaks, chicken wings and sausages) was sold by vendor group (I-2). Consequently, with this higher volume of sales and relatively high-fat food came a significantly higher PAH concentration (22.5 mg/m 3 ) level and a higher ratio of t-PAHs/PM 10 (2.37) in vendor group (I-2).
The geometric mean of PM 10 exposure concentrations for vendor group (II) was lower than that of vendor group (I), but the geometric mean of PAH concentrations in the vendor group (II) was higher than that in vendor group (I). Qualities of ventilation, types of food and cooking conditions for the three vendors of group (II) were very similar. It is assumed that the amount of business was most likely the major factor influencing the concentrations of PM 10 and PAHs. Therefore, the ratios of t-PAHs/PM 10 in vendor group (I) were more consistent than those in vendor group (I). Vendor (II-3) sold about 300 Chinese sausage rice sandwiches per day. This larger volume of business for vendor (II-3) most likely led to the higher concentrations of PM 10 and PAHs.
Mean concentrations of PM 10 and PAHs in vendor group (III) for roasted corn on the cob were noticeably lower than the mean concentrations of PM 10 and PAHs for the other two types of vendors. Two factors that were different were the kinds of food and the types of stove used by vendor group (III), which was noticeably different with its electric cooking source for making roasted corn, rather than charcoal. We feel these two factors resulted in the significantly lower concentrations of PM 10 and PAHs in the air surrounding vendor group (III).
Seven PAHs (i.e., BaA, CHR, BbF, BbK, BaP, INP, and DBA) have been recognized as probable human carcinogens (group B2; IRIS, 2001). The exposure concentrations of these car-PAHs for the three types of vendors are shown in Table 4 . Mean exposure concentrations of car-PAHs for vendor group (I) and vendor group (II) were almost similar, and were about 18 times higher than those in vendor group (III). However, the percentage of car-PAHs to total PAHs between vendor group (I) and vendor group (II) showed a great difference. A larger percentage (42.8%) of car-PAHs to total PAHs was found in vendor group (I). The variety of food used in vendor groups (I) probably led to these results. In addition, previous study showed that car-PAHs were measured in liquid smoke seasoning (Gomaa et al., 1993) . Vendor group (I) added seasonings to the meat continually when grilling meat. The seasonings were made of sesame oil, soybean sauce, garlic, pepper, spice and wine. The oil and organic compounds are partially broken down into smaller unstable fragments at high temperature; mostly, radicals recombine to give relatively stable PAHs (Moret and Conte, 2000) . The variety of seasonings used in vendor groups (I) might be one of the factors leading to the high percentage of car-PAHs to total PAHs. Middle levels of exposure concentrations of BaP in vendor group (I) (125 ng/m 3 ) and vendor group (II) (113 ng/m 3 ) were found. These levels were comparable to those recorded for highway toll station workers (128 ng/m 3 ) , and obviously lower than those of iron foundry workers (470 ng/m 3 ) (Knecht and Woitowitz, 1986), whereas the exposure concentrations of BaP in vendor group (III) were much lower than those in vendor groups (I) and (II). The percentages of BaP to carPAHs in vendor groups (I) and (II) were about 5%. It shows that the BaP contributions to the doses of car-PAHs in these two vendor groups were not very high. In addition to BaP doses, BaP eq were also calculated in this study to obtain a proper estimation of exposure to carcinogenic PAHs. The estimation of BaP eq required the use of toxic equivalent factors (TEF) for 16 PAHs (Nisbet and LaGoy, 1992) . Values of BaP eq in Table 4 (Tsai et al., 2001) . Li et al. (2003) showed that a BaP eq accounted for about 7.5% of total PAHs coming from the exhaust systems of Chinese restaurants. They indicated that the emission rates of total PAHs for cooking sources were significantly less than those rates coming from traffic sources, but the emission rates of BaP eq for cooking sources were much higher than those rates coming from traffic sources. A very close value of 6.5% for the ratio at BaP eq /total PAH s was found in vendor groups (I) and (II). The Li study and this study conclude that the process used to cook Chinese food emits a relatively large amount of carcinogenic PAHs. Unfortunately, as opposed to the many restaurants that treat their cooking exhausts with proper ventilation, there was poor or no ventilation of the cooking exhaust or there were no personal respiration protection units found in the night market vendor groups. Petry et al. (1996) indicated that the ratio of BaP eq /BaP ranged from 1.44 in the coke plant to 3.69 in the graphite plant. In this study, we found that the ratios of BaP eq /BaP in vendor groups (I), (II), and (III) were close to that in the graphite plant, which were 3.7, 3.6, and 3.0 times, respectively. This means that about three times underestimation would occur if just BaP doses were used to evaluate the cancer risks. Pott (1985) suggested the unit risk was 7.0 Â 10 À5 (ng/m 3 ) À1 for a 25-year occupational PAHs exposure with the averaged BaP concentration of 1 ng/m 3 . Cancer risks for occupational workers were obtained by using the concentrations of carcinogenic compounds in the work place and multiplying them by the unit risk. The concentrations of BaP eq were used to calculate cancer risks in this study. Values obtained this way were 3.3 Â 10 À2 ,
2.8À10
À2
, and 1.9 Â 10 À3 for vendor groups (I), (II), and (III), respectively. The risks for vendor groups (I) and (II) were comparable with those for both wet palletizing workers (4.35 Â 10
) and packaging workers (5.42 Â 10 À2 ) (Tsai et al., 2001) . High cancer risks for vendor groups (I) and (II) were found in this study suggesting that the PAH exposure for these vendors should be given more attention.
The concentrations of t-PAHs, car-PAHs, BaP, and BaP eq at different exposure sites other than the sites of occupational vendors were measured (Table 5 ). The exposure concentrations of t-PAHs, car-PAHs, BaP, and BaP eq for the campus employees were obviously lower than those for the workers of the three vendor groups. Compared to vender groups (I) and (II), the exposure concentrations of car-PAHs for the campus employees were about 45 times lower, whereas the exposure concentrations of car-PAHs for the campus employees were about three times lower than those for vendor group (III). Although there were no specific PAH sources in the five offices chosen in this study, the experimental groups spent about 1 h eating lunch and about 20 min walking on campus. In addition, these offices were on the first to third floors, which were easily affected by the emissions emanating from two heavily traveled roads adjacent to the campus. On the contrary, samples collected from sixth to eighth floors of apartments with almost no PAH sources (home indoor) had very low exposure values of t-PAHs, car-PAHs, BaP, and BaP eq . Values of BaP eq in office were about 12 times higher than home-indoor values. Data of exposure concentrations of t-PAHs, car-PAHs, BaP, and BaP eq for motorcycle riding were obtained from Kuo et al. (2003) . The exposure concentrations of these compounds for riding a motorcycle were significantly higher than those of office and home-indoor concentrations. The exposure concentrations of BaP eq for motorcycle riding were about six times higher than those of office.
Daily time allocation for the vendor groups and control group are shown in Table 6 . Generally, the workers of the vendor groups spent 7 h broiling food at the vendor sites and approximately 1 h riding around doing errands on a motorcycle each day. They spent the remaining 15 h at home and spent about 1 h in outdoor leisure activities. The exposure durations for the control groups were 9 h in the offices, 1 h during motorcycle riding, and 14 h at the home apartments. The daily exposure doses at working places of tPAHs, car-PAHs, BaP, and BaP eq (Table 7) for the three vendor groups were obtained by multiplying the mean concentrations of PAHs at each exposure site by the fraction Kuo et al. (2003) .
Daily exposure to PAHsof daily respiration volume (20 m 3 /day). The fractions of daily respiration volume were calculated by multiplying the daily respiration volume by the fractions of the corresponding daily exposure duration of each vendor's daily activity for a 24-h period (Table 6 ). The result of the questionnaires from the vendors showed that some vendors spent about 1 h in outdoor leisure activities. It is impractical to ask the vendors to carry personal samplers for taking samples during outdoor leisure activities, so the exposure doses for vendors in outdoor leisure activities were not considered in this study. Thus, the exposure concentrations incurred while at home indoors was used to calculate the exposure dose for 1 h of outdoor activities. As the exposure concentrations and exposure duration at the occupational places were much higher than those incurred during outdoor leisure activities or at home indoors, the effects on the whole-day exposure doses by using 1 h of home-indoor data to replace that of outdoor activities can be ignored.
The exposure doses of t-PAHs, car-PAHs, BaP, and BaP eq during working hours for vendor groups (I) and (II) were very high. The doses of car-PAHs in vendor groups (I) and (II) were about 35 times higher than those in control groups, whereas the doses of BaP eq in vender groups (I) and (II) were about 26 times and 18 times higher, respectively, than those in control groups. In comparing the exposure doses of t-PAHs, car-PAHs, BaP, and BaP eq during the working hours of vendor group (III) with those for vendor groups (I) and (II), significantly lower exposure doses for vendor group (III) were found. The exposure doses of carPAHs and BaP during the working hours of vendor group (III) were about two and three times higher than those for the control groups, respectively. However, the work-time exposure dose of BaP eq for vender group (III) (0.18 mg/ day) was slightly higher than those for the control group (0.13 mg/day). Owing to the relatively high concentrations of DBA (8.1 ng/m 3 ) found in the offices, and the fact that this compound has a high toxic equivalent factor equal to that of BaP, the dose of BaP eq obtained from the control group was not as low as expected.
The whole-day exposure doses of t-PAHs, car-PAHs, BaP, and BaP eq for vendor groups (I) and (II) were almost the same as those during working hours (Table 7) . Since the exposure concentrations of PAHs at the vending sites of groups (I) and (II) were much higher than those levels found at home indoors or riding motorcycles, the work-hour exposure doses were thus close to the whole-day exposure doses. For example, the daily exposure doses of BaP eq during working hours constituted very high proportions, 96% and 95% for vendor groups (I) and (II), respectively, of the whole-day exposure doses. However, the daily working-hour exposure doses of BaP eq for vender group (III) constituted only a 62% proportion of the whole-day exposure doses.
In calculating the whole-day exposure doses of t-PAHs, car-PAHs, BaP, and BaP eq for the control groups, we assumed that people rode motorcycles to the offices. Actually, many people recently drive cars to offices instead of riding motorcycles. However, the exposure data of PAHs for car drivers were not measured in this study. Lung et al. (2004) indicated that the mean exposure for particulate PAHs was around 500 ng/m 3 for motorcyclists and 280 ng/ m 3 for car drivers during the Ma-tsu Goddess parade. The PAH exposure was significantly lower for car drivers compared to motorcyclists. Therefore, the whole-day exposure doses of t-PAHs, car-PAHs, BaP, and BaP eq for those people who drive to the offices will be lower than those values in Table 7 .
Conclusion
The vendors of broiled food are very popular in the night markets of Taiwan. Unfortunately, these night market vendors do not treat their exhaust and are without any personal protective equipment. In this study, we found very high exposure concentrations of t-PAHs, car-PAHs, BaP, and BaP eq for vendor groups (I) and (II). Different fuel and different types of food were used by vendor group (III), resulting in lower exposure concentration levels of t-PAHs, car-PAHs, BaP, and BaP eq . The whole-day exposure doses of BaP eq were 2.91 mg/day for vendor group (I) and 2.39 mg/ day for vendor group (II). However, the whole-day exposure doses of BaP eq for vendor group (III) (0.29 mg/day) were comparable to the doses for the control group (0.24 mg/day). The concentrations of BaP eq were used to calculate cancer risks for the workers of the three vendor groups in this study. Values obtained this way were 3.3 Â 10 À2 and 2.8 Â 10 À2 for vendor groups (I) and (II), respectively. The cancer risks for the workers of vendor groups (I) and (II) were significantly higher than the risk (1.9 Â 10 À3 ) of vendor group (III). High cancer risks for vendor groups (I) and (II) were found in this study, suggesting that the PAH exposure for these vendors should be given more attention. Owing to the very low level of cooperation provided by the workers of vendor groups, the numbers of samples are really limited in each exposure category. However, these samples do include the major types of vendor for grilled foods at night markets in Taiwan. These preliminary results can offer some important information to governments for understanding the serious situation that PAH exposure or emission poses to vendors. For the purposes of protecting personal and public health, it is necessary to make a regulation to confine the grilling behavior found at night markets.
